SUMMARY
SUMMARY
Both coronary arteries arising as a single or double vessel from the same sinus of Valsalva has been considered a minor congenital anomaly not affecting longevity. There are rare case reports in the literature of sudden death in young males with this anomaly of coronary origin. We have reviewed 51 such cases from the Armed Forces Institute of Pathology congenital heart disease accessions. There were 33 patients in whom both coronaries arose from the anterior sinus of Valsalva either as a single or double vessel and 18 in whom they arose from the left coronary sinus of Valsalva. Out of the 33 patients in whom the coronaries arose from the anterior sinus of Valsalva, 9 (27.3%) died sudden, uinexplained deaths. There were no sudden unexplained deaths among the patients in whom both coronaries arose from the left sinus of Valsalva. It is evident that where the left coronary artery does not pass acutely posterior and leftward between the pulmonary artery and the aorta there is no risk of sudden death. All patients who died suddenly were male. The suggested mechanism for sudden death in these cases is that the acute leftward passage of the coronary artery along the aortic wall causes the entrance into the left coronary svstem to be slit-like. Under circumstances of increased cardiac activity with increased expansion of the pulmonary artery and aorta with exercise, there is stretching of the left coronary artery and a flap-like closure of the orifice of the left coronary with sudden, fatal myocardial ischemia.
We also present the first case where this anomaly was recognized in a 14-year-old boy and a surgical attempt was made to correct the problem by creating a non-collapsible funnel-like opening In this circumstance, we found no association with sudden death.
We will also briefly report the first instance in which this anomaly was recognized by coronary angiography and a surgical approach to correction was made in a 14-year-old symptomatic boy. A detailed report of this case is in preparation.
Methods
The entire collection of cases with coronary artery anomalies at the AFIP was reviewed. Patients who had either a single coronary artery or both coronary arteries from the same sinus of Valsalva without other congenital cardiac anomalies were included. All patients had clinical and autopsy summaries. All available specimens were examined by the authors. Where specimens were not available, the autopsy description and photographs of the specimens, when available, were reviewed.
The AFIP receives its specimens from physicians and hospitals all over the world. Its major source of referrals are service and government hospitals including the Veterans Administration hospitals. Specimens are received also from universities and private hospitals.
Because of the large contribution from the military and the Veterans Administration hospitals, there is a large bias in favor of males. This is not true for the congenital hearts accessioned under the age of 20 years. For instance, in the Aort, L.Circ. age group 0 to 20 years there were a total of 151 hearts with coronary anomalies, 81 from males and 63 from females. Over the age of 20 there was a heavy male bias throughout the congenital heart collection. Figure 1 is the diagram which will be used throughout the paper to illustrate the usual relationship of coronary arteries to aorta and pulmonary artery.
Results
There were 51 patients with the coronary arteries arising either as a single or double vessel from the same sinus of Valsalva without other congenital cardiac anomalies. In 33 hearts the coronary arteries arose from the anterior sinus of Valsalva ( fig. 2) , and in 18 they arose from the left sinus of Valsalva ( fig. 3) . Table 1 lists all 33 patients with coronaries arising from the anterior sinus of Valsalva. The first 9 patients (27.3%) had sudden, unexplained deaths. With the exception of case 9, a 36-year-old man who died suddenly apparently of an arrhythmia, the patients were between 13 and 22 years of age, and 7 of the 9 died during or immediately after exercise. The Circulation, Volurne .5), October I1974 must be considered in any explanation for the sudden development of myocardial ischemia.
1. Only cases with the left coronary artery arising as a single or double vessel from the anterior sinus of Valsalva ( fig. 2) , where the left coronary artery passes leftward and posteriorly between the aorta and the pulmonary artery, are associated with sudden death.
2. When the left anterior descending coronary artery passes anterior to the pulmonary artery, a condition seen most often in tetralogy of Fallot when the anterior descending artery arises from the right coronary artery, there has been no report of sudden, unexplained death.
3. There are specimens where the left coronary artery, immediately after arising from either the aorta or the common coronary artery, becomes intramyocardial, traversing the superior aspect of the crista supraventricularis in a subendocardial position ( fig. 5 ). At the septum the artery again becomes epicardial and continues as the left anterior descending artery in the normal position. There are five such specimens in our laboratory, all occurring in cases where the coronaries arose from the anterior sinus of Valsalva. One of these was the heart of a 36-year-old man who had had a documented episode of ventricular tachycardia and who later died suddenly, probably related to the recurrence of the arrhythmia. 4 . Every patient with this anomaly who died suddenly and unexpectedly was male. Although the anomaly occurs in females, there is no instance in the literature of a female with this anomaly dying ,L.XCirL, R.
Cor.~~~~~~~~~Cr LAD Figure 5 Origin of both coronary arteries from the anterior sinus of Valsalva with left coronary subendocardial passage (left coronary tunnel) through the interventricular septum (IVS). suddenly and unexpectedly. In spite of the male bias of the AFIP material, there are 6 females in the 51 cases (11.8%) we are presenting. Smith collected 27 adult patients with single coronary arteries; 8 of these were female, 18 were male, and in one the sex was unknown. 9 5. Most of the sudden deaths from both the literature review and the present series occurred during or immediately following physical exercise. Of the total of 16 patients who died suddenly and unexpectedly, 13 (81.3%) were engaged in or had just stopped physical exercise.
6. Of the 16 patients who died suddenly 10 were in the second decade and four were between the ages of 20 and 22 years at the time of death. Only two were older than 22 years of age. There is no reported instance of a child less than 11 years of age without other congenital cardiac defects having died suddenly with this coronary anomaly.
There have been several mechanisms proposed to explain the cause of sudden death in the cases previously reported. Cohen and Shaw6 and Benson and Lack5 related the sudden death to the position of the left main coronary artery between the aorta and the pulmonary artery. They postulated that a squeezing action on the left coronary artery occurred during exercise with sudden interference with left coronary arterial flow. In the absence of lesions causing pulmonary hypertension it seems unlikely that a low pressure pulmonary artery could compress a coronary artery distended with systemic pressure.
Benson (fig. 6 ). It would therefore appear that the compromise of the left coronary artery produced by the acute angulation which occurs at its origin from the anterior sinus is basic to the mechanism of sudden death and unrelated to the site of origin of the right coronary artery.
In the clinical case (case 1) there was noted at surgery an acutely angulated left coronary artery with a slit-like orifice. Before surgery, because of the suspected inaccessible position of the left coronary artery posterior to the pulmonary artery, it was thought that the only procedure possible would be a saphenous vein or internal mammary artery bypass of both the anterior descending coronary artery and the circumflex artery. Fortunately, the takeoff of the left coronary artery was high enough to be above the sinus of Valsalva and far enough removed from the commissure not to involve the aortic valve. The initial part of the left coronary artery was applied very closely to the aorta and was essentially in the wall of the aorta. It was therefore possible to enlarge the opening into the left coronary artery by wedging out the common wall and constructing a funnel-like opening to the left coronary system. Whether or not this operation will be effective in preventing difficulty in the future depends on the accuracy of the mechanism of sudden death postulated. At the present time in the short term follow-up, the patient continues to do well.
Our patient represents the second clinically recognized case of single coronary artery associated with myocardial ischemia studied during life (Usher and McGranahan, personal communication), and the first where an attempt was made to correct the anatomy which had resulted in intermittent myocardial ischemia. This is a rare anomaly. In the AFIP accessions, which from 1917 to the present approximate 475,000 autopsy cases, there are 33 cases of both coronary arteries arising from the anterior sinus of Valsalva. Nine of these patients died suddenly and unexpectedly.
This anomaly does represent a cause of sudden, unexpected death and should be considered in any young male with exertional syncope or chest pain accompanied by unexplained QRS or ST-T wave changes.
